Trends in the utilization of cardiac procedures and thrombolytic therapy during hospitalization for acute myocardial infarction. CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention.
Objectives The objectives of our community-wide investigation were to describe multidecade-long trends (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) in the utilization of thrombolytic therapy, percutaneous coronary interventions, and coronary artery bypass graft surgery in patients hospitalized with acute myocardial infarction (AMI).
Methods
The study sample consisted of 9422 greater Worcester (MA) residents hospitalized with confirmed AMI at all metropolitan Worcester medical centers in 11 annual periods between 1986 and 2005.
Results Increases in the utilization of percutaneous coronary interventions were observed between 1986 (2.0%) and 2005 (50.7%) with the most rapid increases beginning in the late 1990s. Utilization of coronary artery bypass graft surgery during hospitalization for AMI increased moderately in the 1990s, remained stable thereafter, and declined to being performed in 3.8% of hospitalized patients in 2005. The use of thrombolytic therapy increased between 1986 and 1995 (9.3-25.2%) and decreased markedly thereafter through 2005 ( < 1%). Demographic and clinical characteristics of several patients were associated with the receipt of these treatment regimens.
Conclusion The results of this study in residents of a large Central New England community suggest an increasingly invasive approach to the management of patients hospitalized with AMI. Coron Artery Dis 20:71-80 c 2009 Wolters Kluwer Health | Lippincott Williams & Wilkins.
Introduction
Dramatic advances in the prevention and treatment of coronary heart disease have taken place over the past several decades. Owing to the development and increased utilization of new management approaches to the primary and secondary prevention of coronary disease, the mortality attributed to coronary disease has declined markedly in the United States over the past 35-40 years [1] [2] [3] . Beginning in the 1980s, with new insights into the pathophysiology of acute coronary disease, a paradigm shift in the management of patients with acute myocardial infarction (AMI) occurred with the increased utilization of several pharmacologic and coronary intervention reperfusion strategies.
The number of patients undergoing a percutaneous coronary intervention (PCI) in the United States has increased steadily during the past 20 years [4] [5] [6] [7] [8] . The utilization of coronary artery bypass graft (CABG) surgery in patients with AMI, however, has exhibited far less dramatic and consistent trends. Use of thrombolytic therapy in the management of patients hospitalized with AMI has increased since the introduction of these agents in the mid-1980s, although recent data suggest considerable declines in the use of this effective medication and concomitant increases in the use of PCI [9] [10] [11] . Few data are available, however, describing changing and contemporary, trends in the use of clot lysing therapy as well as coronary interventional procedures in patients hospitalized with AMI. These data are particularly lacking from the more generalizable perspective of a population-based investigation.
Using data from the Worcester Heart Attack Study, an ongoing population-based investigation of AMI in residents of a large New England metropolitan area [12] [13] [14] , we examined the evolving application of coronary interventional procedures and the use of thrombolytic agents in this population over an approximately two-decade-long period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . The demographic and clinical profile of patients receiving these coronary reperfusion approaches was also examined overall as well as during recent years as compared with prior years under study.
Methods
The Worcester Heart Attack Study is an ongoing investigation describing changes in the epidemiology of coronary heart disease in residents of the Worcester (MA) metropolitan area hospitalized with AMI at all greater Worcester medical centers. Details of this study have been described earlier [12] [13] [14] . In brief, the medical records of the Worcester metropolitan area show that the residents (2000 census = 478 000) hospitalized for possible AMI were individually reviewed and validated according to predefined diagnostic criteria based on clinical history, serum enzyme changes, and serial electrocardiographic findings [12] [13] [14] . Cases of perioperative-associated AMI were not included. Originally, there were 16 hospitals providing care to greater Worcester residents hospitalized with AMI. On account of hospital closures, mergers, or conversion to chronic care rehabilitation facilities, there are presently 11 greater Worcester medical centers providing care to patients with AMI. As the practice of PCI and the use of thrombolytic medications were introduced into the management of patients hospitalized with AMI during the mid-1980s, we restricted the study sample of the present report to greater Worcester residents hospitalized with AMI at medical centers of all areas in 11 annual periods between 1986 and 2005 [12] [13] [14] .
Data collection
Trained study physicians and nurses abstracted sociodemographic information, medical history, and clinical data from the medical records of geographically eligible patients hospitalized with AMI at medical centers of all areas. Information was collected about patient's age, sex, race, body mass index, insurance status, extent of prehospital delay in seeking medical care after the onset of acute coronary symptoms, comorbidities (e.g. diabetes, heart failure, hypertension, stroke), AMI order (initial vs. prior) and type (Q wave vs. non-Q wave), occurrence of clinically significant hospital complications (e.g. atrial fibrillation, heart failure, cardiogenic shock), and hospital survival status [12] [13] [14] . Nurse's and physician's progress notes, as well as diagnostic test results, were reviewed for information about the use of thrombolytic therapy, PCI, and CABG surgery during the index hospitalization [15] .
Data analysis
For purposes of examining factors associated with the utilization of the coronary reperfusion and revascularization approaches examined, a logistic multivariable regression analysis was used. The factors included in our regression analyses were age, sex, insurance status, history of angina, diabetes, heart failure, hypertension or stroke, AMI order (initial vs. prior) and type (Q wave vs. non-Q wave AMI), clinical complications that occurred during hospitalization, and hospital survival status. Each of the variables included in our regression analyses was chosen because of their potential association with treatment for AMI. As information about the duration of prehospital delay was not collected until more recent study years, and because there was a considerable amount of missing data with regards to this variable, we did not control for this factor in our main regression analyses. We also did not control for race in our regression models, as the vast majority (94.4%) of the study population was Caucasian.
Results
Overall, the average age of greater Worcester residents hospitalized with AMI was 69.8 years, 42.7% were women, and 59.4% presented with an initial AMI. In 1986, the average age of patients hospitalized with AMI was 68.3 years increasing to 71.6 years in patients hospitalized with AMI in 2005; men comprised 59.1% of the study sample in 1986 and 53.3% in 2005.
Two-decade-long trends in the use of coronary reperfusion and revascularization strategies
Over the period under study (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , the percentage of patients receiving thrombolytic therapy during hospitalization for AMI increased between 1986 (9.3%) and 1995 (25.2%) and declined markedly thereafter. The percentage of greater Worcester residents hospitalized with AMI at all metropolitan Worcester medical centers during 2005 who were treated with thrombolytic agents was less than 1 (0.8%) ( Fig. 1 ). In contrast, the percentage of patients receiving PCI, and those undergoing CABG surgery, increased over time, especially during the most recent years under study ( Fig. 1 ). The utilization of PCI increased markedly between 1986 and 2005 (2.0-50.7%), rising steadily over this period. In patients undergoing PCI in 1997, 18.4% of patients received a stent as compared with 95.2% of those undergoing PCI in 2005. Use of CABG surgery increased moderately in the 1990s (1.1-6.1%), remained stable thereafter, and declined to being utilized in 3.8% of greater Worcester residents hospitalized with AMI in 2005.
Characteristics of patients receiving coronary reperfusion and revascularization strategies
In examining the demographic and clinical characteristics of patients with AMI receiving thrombolytic therapy or undergoing CABG surgery or PCI, younger patients, men, and those who were overweight or obese were more likely to be treated with thrombolytic therapy or undergo these cardiac procedures than respective comparison groups ( Table 1) .
Patients who were treated with thrombolytic therapy were more likely to have presented at greater Worcester hospitals within 2 h of the onset of acute coronary symptoms and more often had a Q wave infarction than patients who did not receive clot lysing medication. Patients presenting with prior angina, heart failure, diabetes, hypertension, stroke, or myocardial infarction (MI) were less likely to receive thrombolytic medication during hospitalization than respective comparison groups. Patients who paid by private means were more likely to receive thrombolytic therapy, whereas those on Medicare were the least likely to receive clot lysing medications. Patients who developed cardiogenic shock and those who did not develop heart failure or atrial fibrillation during hospitalization were more likely to be treated with thrombolytic agents.
The demographic as well as clinical characteristics of patients more (or less) likely to undergo a PCI were essentially similar to those associated with the receipt of thrombolytics, with a few exceptions. Patients who belonged to health maintenance organizations were most likely to receive a PCI among all insurance categories examined ( Table 1) . Middle-aged to elderly patients, those who belonged to health maintenance organizations, and those with a history of angina, diabetes, or hypertension were more likely to undergo CABG surgery during hospitalization than respective comparison groups. Patients who developed atrial fibrillation were more likely to undergo CABG surgery than those who did not develop this arrhythmia.
Beginning in 1997, we further classified patients into those with ST and non-ST segment elevation AMI. In the 2067 patients who experienced an ST segment elevation AMI between 1997 and 2005, 26.3% of these patients received thrombolytic therapy. Patients with ST segment elevation AMI were significantly more likely to undergo PCI (45.7%) or CABG surgery (6.0%) in comparison with those with a non-ST segment elevation AMI (13.4 and 4.1%, respectively) (P < 0.001).
Factors associated with receipt of different treatment modalities
We carried out a multivariable-adjusted regression analysis, both in the entire study cohort and separately in patients hospitalized during our two most recent study years of 2003 and 2005, for purposes of providing an overall and contemporary perspective into the characteristics of patients more (or less) likely to receive thrombolytic therapy and undergo PCI or CABG surgery during hospitalization ( Table 2 ). We did not examine factors associated with the receipt of thrombolytic therapy among patients hospitalized in our two most recent study cohorts, as very few patients with AMI were treated with thrombolytic therapy during these years.
Older patients were significantly less likely to receive thrombolytic therapy than younger hospitalized patients during all study years ( Table 2) . Obese patients were significantly less likely to be treated with this therapy, patients on Blue Cross/Blue Shield insurance, as were patients with a history of diabetes, heart failure, or stroke than respective comparison groups. In contrast, patients experiencing a Q wave MI were significantly more likely to be treated with clot lysing therapy than those with a non-Q wave AMI. Patients who developed cardiogenic shock and those who did not develop atrial fibrillation during hospitalization were significantly more likely to be treated with thrombolytic therapy than respective comparison groups. Patients of advanced age, those with Medicare insurance, and patients with a history of either diabetes, heart failure, or stroke were significantly less likely to undergo PCI during all study years than respective comparison groups. In contrast, overweight and obese patients, those belonging to health maintenance organizations, those with a history of hypertension, and patients presenting to greater Worcester hospitals with an initial Q wave MI were significantly more likely to undergo PCI during their index hospitalization. Patients who did not develop heart failure and those who developed cardiogenic shock were significantly more likely to undergo a PCI.
Patients in the age range 65-74 years, men, those who were overweight or obese, patients with a history of angina, diabetes or hypertension, and those who developed cardiogenic shock or atrial fibrillation during hospitalization were significantly more likely to undergo CABG surgery during all study years than respective comparison groups. Patients aged 75 years and above, those with a history of heart failure or stroke, and patients who developed a Q wave MI were significantly less likely to undergo coronary bypass surgery than respective comparison groups ( in persons belonging to health maintenance organizations. Similar patient characteristics were associated with an increased likelihood of undergoing CABG surgery over time.
Use of cardiac procedures according to patient's age and sex
Owing to the differences in the utilization of thrombolytic therapy and interventional procedures in individuals of different ages and in men as compared with women, as well as ongoing national interest in this area, we carried out two further subgroup analyses according to patient's age (< 55, 55-64, 65-74, Z 75 years) and sex ( Fig. 2a-d) .
The use of thrombolytic agents was highest in patients below 65 years; patients in all age strata exhibited increasing trends in the use of clot lysing medications from the mid-1980s to early/mid 1990s with a marked decline in thrombolytic use from the late 1990s to 2005. The use of thrombolytic therapy declined from 9 to 10% in the four age groups examined during the mid-1990s to less than 1% across all four age strata in 2005. In contrast, patients of all ages had a slight increase in the use of PCI from the mid-1980s to the mid-1990s with a sharp increase thereafter ( Fig. 2a-d) . In 2005, 38.3% of patients at least 75 years of age received PCI compared with 76.8% of patients below 55 years. The use of CABG surgery remained relatively stable from the mid-1980s to the mid-1990s, but approximately doubled in use for patients aged 55 years and above in the late 1990s. The use of coronary bypass surgery declined to previously observed levels for patients aged 55-64 years, but remained stable or declined for patients 65-74 and at least 75 years old.
Men were between two and three times more likely to receive thrombolytic therapy than women over the entire study period ( Fig. 3a and b) . The use of thrombolytic agents increased in men and women from the mid-1980s to early 1990s, remained stable until the late 1990s, and then declined in both sexes through 2005. Trends in cardiac procedure use did not differ significantly between the two sexes although men had a much higher overall procedure use relative to women. The use of PCI increased over time for both men and women; however, the extent of use in men was appreciably greater than for women across all study years. In 2005, 62.0% of men and 38.0% of women underwent a PCI during their acute hospitalization. The use of CABG surgery increased for both men and women from the mid-1980s to the late 1990s; however, the use in men declined by approximately one-third from the late 1990s to 2005, with slight increases noted in women over time. Changing treatment of AMI Wasser et al. 75
Discussion
The results of this study in the residents of a large New England metropolitan area suggest divergent trends over the past 20 years in the use of clot lysing medication and coronary reperfusion/revascularization approaches in greater Worcester residents hospitalized at all metropolitan Worcester medical centers with AMI. The use of thrombolytic therapy peaked during the mid-1990s but has declined markedly thereafter to essentially non-use in 2005. Use of PCI has become the primary coronary reperfusion treatment approach of choice in this patient population, whereas the use of CABG surgery has remained relatively stable over time, being used significantly less often during recent study years as compared with PCI. The results of this study update and extend our recently published findings to include an additional study year as well as to include data on the use of thrombolytic therapy in our study population [16] . 
Changing trends in the use of coronary reperfusion and revascularization procedures
Our results are in agreement with the findings from several prior studies and with our earlier publication [5, 6, 16] . In the National Registry of Myocardial Infarction, a decline in the use of thrombolytic therapy was observed in patients hospitalized with AMI at more than 1200 medical centers throughout the United States between 1990 and 1999 (34% to 21%); only minor increases in the use of both PCI (7-10%) and CABG surgery (11-13%) were observed over this period [5] . In 1999, approximately one in five greater Worcester residents hospitalized with AMI were treated with thrombolytic therapy and 23 and 5% underwent PCI and CABG surgery, respectively.
In the Minnesota Heart Survey, which evaluated trends in the use of coronary reperfusion approaches in the residents of Twin Cities (MN) between the ages of 30 and 74 years hospitalized with acute coronary disease at numerous medical centers throughout the St Paul-Minneapolis metropolitan area between 1985 and 1997, the use of thrombolytic therapy increased for both men (13-28%) and women (11-27%) during this period [6] . Similar increases in the use of coronary angioplasty were observed in both sexes between the initial (one in every 20 men and women) and most recent (one in every three men and women) years under study. Increases in the use of CABG surgery were observed in men (5-10%), whereas the use of CABG surgery remained stable in women (7-8%) over this period.
Differences in practice standards between New England and other regions of the United States need to be considered in comparing our findings to national or other more regional-based investigations, upper age limit of patients included, demographic, clinical, and treatment characteristics of the respective study populations, as well as time periods under investigation. It has been previously shown that physicians practicing in New England are less likely to use thrombolytic and coronary reperfusion therapy, but effective cardiac medications more often, compared with physicians practicing in other regions of the United States [17] . These differences could be because of several factors including the fact that practitioners in New England follow evidence-based guidelines more closely when treating patients with cardiac disease, which may result in better overall care [18] . Cost 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 1986 1988 1990 1991 1993 1995 1997 1999 considerations as well as patient treatment preferences may also vary according to geographic location.
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The results of this study clearly demonstrate that PCI has become the predominant modality used for the management of patients hospitalized with AMI throughout Central Massachusetts and has probably made an important contribution to the improving hospital as well as long-term prognosis of this patient population during the past several decades [12] [13] [14] 16] . Monitoring of these evolving treatment approaches remains of continued importance, particularly in the present era of qualityassurance initiatives and cost-containment efforts.
Factors associated with the use of coronary reperfusion strategies and revascularization procedures
Several demographic and clinical factors were associated with the utilization of PCI and CABG surgery in this study. Elderly patients were consistently less likely to receive any of these cardiac procedures, a finding consistent with the results of other investigations [7, 8, 19, 20] .
Although there has been a marked decline over time in the use of thrombolytic therapy for the management of patients with AMI, patients with a Q wave and/or ST segment elevation MI were significantly more likely to receive thrombolytic therapy than patients with other electrocardiographic findings. These findings are consistent with the results of numerous prior studies, which have shown the importance of rapid clot dissolution in patients with ST segment elevation MI [5, 9, 10] . Men were more likely to receive all procedures of interest relative to women, a finding that has been noted in several prior investigations [8, 21] , including our own [16] . In the National Inpatient Sample database, women underwent coronary angioplasty and stent placement at essentially similar rates with men over the period 1995 through 2001 [8] ; women, however, were approximately 20% less likely to undergo coronary bypass surgery than men. Our results showed similar trends with women being less likely to receive cardiac procedures than men. In contrast, both men and women exhibited relatively similar trends in the use of the cardiac interventional procedures of interest as well as of thrombolytic therapy.
Comparatively younger patients in our study were more likely to receive treatment with thrombolytic therapy and PCI, whereas patients between the ages of 55 and 74 years were more likely to undergo CABG surgery, findings that are supported by the results from several previous 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 studies. Investigators from the multinational Global Registry of Acute Coronary Events study found higher rates of thrombolytic therapy, PCI, and cardiac surgery use in patients aged 65-74 years who were hospitalized with an acute coronary syndrome as compared with older patients [19] . Investigators from the National Registry of Myocardial Infarction reported a declining utilization of thrombolytic therapy across all age groups, and a slight decrease in the use of CABG surgery, between 1990 and 1999 in patients hospitalized with AMI with concomitant increases in the use of PCI [5] . Findings from the Minnesota Heart Survey suggest increasing trends in PCI usage, and stable use of CABG surgery, in patients hospitalized with AMI in medical centers throughout the Minneapolis-St Paul metropolitan area between 1985 and 1995. The use of thrombolytic therapy increased during the first half of this study but declined slightly by 1995 [6] .
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In our study, overweight and obese individuals were significantly more likely to undergo a PCI and CABG surgery than persons of normal weight. In an analysis of a Medicare-insured, elderly patient population, overweight and obese individuals had higher rates of coronary procedure utilization compared with those of normal body weight [22] .
Earlier studies have shown that patients with a Q wave MI derive significant benefit from the use of coronary reperfusion and revascularization therapies; however, the benefit of such techniques for patients with a non-Q wave MI is less definitive [3] . Recent years have seen the development of more stringent, aggressive guidelines regarding the management of patients with a non-Q wave AMI because of increasing clinical knowledge of its prognostic importance [23] .
Several AMI-associated clinical features have been associated with the utilization of various cardiac procedures. In a single Veteran's Affairs Hospital, patients with a Q wave MI were more likely to undergo a PCI, whereas those with a history of heart failure were less likely to undergo a PCI, in the early to mid-1990s [24] . Patients with diabetes were less likely to be treated with thrombolytic therapy or receive a PCI, but were more likely to undergo CABG surgery, than patients without diabetes, findings similar to the results of our study.
We can only speculate about the factors that may have contributed to the observed trends in procedure utilization in our study. Hospital reimbursement procedures, willingness to perform procedures in different at-risk groups, issues related to patient acceptability of different procedures and therapies, and generally greater adherence to evidence-based medications and therapeutic procedures may have taken place over the period under study and have led to changes in the management of patients hospitalized with AMI.
Study strengths and limitations
The strengths of this study include its population-based perspective, multiple time periods under investigation, and independent confirmation of AMI. The limitations of this observational investigation include the lack of data on physician characteristics that may be associated with treatment prescribing practices, patient preferences, and information about other situational, financial, or sociocultural factors that may be related to the treatment decision-making process in the setting of AMI.
Conclusion
The results of our community-wide investigation show the changing utilization of different management approaches in patients hospitalized with AMI. The increasingly aggressive management of these high-risk patients with PCI, together with the demographic and clinical characteristics associated with the receipt of the coronary reperfusion approaches examined, need to be considered when planning the future role of these and other possible treatment modalities in the management of patients with AMI. There remains an ongoing need for continued monitoring of the characteristics of patients who fail to receive specific cardiac procedures and beneficial cardiac medications, as well as consideration of the financial implications of specific treatment approaches, in the context of evolving systems of healthcare delivery and cost-containment strategies.
